Radar mapping of the Moon GSSR observations on 13 September and 5 December 2006 offered two of the best opportunities to obtain high-resolution topographic maps of the near side of the Moon from either Earthbased or lunar instruments. The observations were timed so that lunar librations allowed maximal visibility of the south polar region of the Moon. This data has been used to generate a topographic map of this region with more than three times finer spatial resolution and 10 times finer vertical accuracy than previous maps. Figure 1 depicts the GSSR imaging geometry. Imaging the south polar region of the Moon from the GSSR latitude of 34 • results in near-grazing incidence angles between 85 • and 90 • . The footprint size, which is governed by the 70m transmit antenna pattern, is approximately 370km in the cross-range direction and nearly 630km in the range direction. Thus, over 231,000km 2 can be mapped with a single Goldstone observation, which is typically over an hour long. Figure 2 shows the radar backscatter of the mapped region with a number of the most prominent features labeled.
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To determine the 3D position of a point, we need three observations. A single synthetic aperture radar (SAR) image provides two observations, consisting of the range and Doppler to a pixel. The third observation is obtained from the interferometric combination of images. It is the phase of the derived 'interferogram' that contains the topographic height information. The scatterer location is a function of the baseline, velocity, and platform position vectors and the range, phase, and Doppler observables. Figure 3 shows an elevation map generated from the September 2006 GSSR data, posted at 40m. Note that 12km of elevation variation occurs in a small region near the south pole. A number of the craters are many kilometers deep.
Geodetic control of the lunar data
Because the interferometric phase and baseline are not known to the required accuracy beforehand, fiducial points are needed to obtain cartographically-correct absolute elevation measurements. We used the United Lunar Control Network (ULCN) of 2005 for our fiducial control, derived from Clementine lidar and optical stereo elevation data. Approximately 8000 points in the ULCN 2005 database overlapped with the GSSR-derived elevation map. Points in the ULCN database have an associated vertical accuracy estimate that varies from 200m to over 4km, considerably coarser than the fine-scale error in the GSSR data, and a planimetric accuracy from hundreds of meters to several kilometers. A weighted least squares planar fit to the difference between the GSSR elevation data and the ULCN 2005 data was made for planimetric offsets of ±20km in either direction, in increments of 160m. Comparison of the Clementine data after the fit showed good correspondence between the two data sets.
Conclusion
Interferometric radar data of the Moon collected by the GSSR system in 2006 is being used to generate the most accurate topographic map of its south polar region. The final map products are expected to have a planimetric resolution of 40m and a relative vertical accuracy (1σ) of 5m. These products can be used to support scientific investigations, including the search for ice
Continued on next page deposits in permanently shadowed craters on the lunar surface, and to aid in planning and exploration for future lunar missions. The absolute accuracy of these topographic maps will improve when missions like Lunar Reconnaissance Orbiter-which will carry a laser altimeter as one of the payload instrumentsgenerate lunar elevation measurements. Eric Gurrola is a member of the technical staff who works on radar interferometric systems. He holds a PhD in electrical engineering from Stanford University. He has worked on the SRTM system and on improving the software architecture for the Repeat Orbit Interferometry Package (ROIPAC).
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